C raniosynostosis is the premature fusion of one or more cranial sutures 29 and affects 1 in 2000 to 2500 live births annually worldwide. 29 Fusion of a cranial suture results in a predictable pattern of cranial dysmorphology. Craniosynostosis can occur in association with more than 130 different syndromes, such as Crouzon, Apert, or Pfeiffer syndromes, but it is nonsyndromic (sporadic) in most patients. Those with craniosynostosis may have not only calvarial dysmorphology, but also midface hypoplasia, hydrocephalus, deafness, blindness, mental retardation, heart and lung abnormalities, and extremity anomalies. 31 The diagnosis, management, and treatment of craniosynostosis can be complex. While recognizing that adequate care can be provided outside of craniofacial centers, given the complex nature of the disorder, optimal care may best be accomplished by teams of interdisciplinary specialists who are dedicated to the care of patients with craniofacial anomalies and see a sufficient number of affected patients to understand the management complexities. Interdisciplinary team care, such as that found in craniofacial centers, has been practiced for many years in treating children with cleft lip and cleft palate and complex craniofacial anomalies. For the management of craniosynostosis, these interdisciplinary teams may be composed of professionals from various disciplines: from anesthesiology to craniofacial surgery, hand surgery, ophthalmology, or orthodontics, to cite only a few.
Coordinated care is necessary given the complexity of the pertinent medical, surgical, and psychosocial factors. While early management can lead to better outcomes (for example, fewer operations and lower costs), the continuity of care in a team setting is essential because outcomes are measured throughout the child's growth and development. Until recently, there was no consensus on the parameters of care in patients with craniosynostosis. In a recent Centers Need for standard outcome reporting systems in craniosynostosis for Disease Control and Prevention-sponsored meeting, McCarthy et al. (unpublished data, 2011 ) defined the parameters of care for patients with craniosynostosis. While this consensus meeting was an important step forward in the treatment of patients with craniosynostosis, it still did not provide core outcome sets, which are important to both patients and health care professionals.
Outcome measures in craniosynostosis must be valid and consistent to allow cross-study comparisons and to facilitate meta-analyses. Members of the OMERACT group were among the first to recognize this need, and they developed core outcome sets for specific conditions to improve the quality and value of clinical trials and longitudinal research. 30 The OMERACT group used a "data driven, iterative alignment process" to select measures that satisfy the criteria of the OMERACT filter-truth, discrimination, and feasibility. While traditional clinical outcomes will remain important in the treatment of patients with craniosyostosis, core outcome sets that include patient-reported data, such as satisfaction, body image, functional results, and aesthetic outcomes, must be developed to collect higher level data that is meaningful to both patients and physicians.
In this article, we address the challenges in evaluating treatment outcomes as well as the lack of standardized instruments to assess the outcomes of treatment in patients with craniosynostosis, especially from the patient's perspective. We also describe a variety of tools, scales, and indices that can be used to create an evaluation algorithm specific to patients with craniosynostosis.
Evaluation Before Treatment
Evaluation and assessment of the degree of craniofacial dysmorphology, associated systemic findings, and psychosocial impact of the disease process on patients and their families are essential before beginning a treatment process. Currently, there are no validated instruments to measure the impact of craniofacial dysmorphology on a patient's psychosocial function. Instead, numerous groups have compiled age-and sex-specific normative anthropometric data sets to evaluate the dimensions of a patient's head and face. 18 By comparing the measurements of an affected patient with the values in a normative database, one can, for example, determine the number of millimeters or degrees of difference in an affected patient's brow position or basicranial angle, respectively. While careful and precise measurement of a patient's craniofacial differences is important and cannot be achieved without these traditional measures, these same tools do not calculate the impact that craniosynostosis and its treatments have on a patient's QOL. Below, we review common instruments currently used to evaluate patients with craniosynostosis.
Radiographic Assessment
Cephalography and CT have revolutionized surgical planning and follow-up. These radiological studies allow us not only to assess bony shape and position, but also to plan surgical treatment and to measure our surgical movements. 17 Two-dimensional and 3D cephalometric landmarks are typically used to assess the success of our operations (Table 1) .
Brain MR imaging, PET, and transcranial ultrasonography are performed selectively in patients with craniosynostosis. Some surgeons have speculated that premature cranial suture fusion leads to alterations in cerebral blood flow, which in turn result in cognitive, speech, language, and/or behavioral problems, but this suggestion remains a point of controversy. 4, 5, [14] [15] [16] 20, 22, [24] [25] [26] 32, 33 Others have speculated that reduced intracranial volume and/ or elevated intracranial pressure impair brain development. 9 However, Hill et al. 12 recently demonstrated that intracranial volume constraint was not responsible for alterations in brain function. Radiographic assessment of patients with craniosynostosis remains an important step in treatment planning and provides a baseline from which to measure surgical outcomes, but imaging lacks the responsiveness necessary to determine how an anatomical finding impacts a patient's well-being. Furthermore, the millimeters of movement or degrees of rotation that we measure on our postoperative radiographs provide little insight into the enormous impact that our operations have on patients with craniosynostosis.
Otolaryngology Assessment
Children with craniofacial anomalies often exhibit airway obstructions, and a high index of suspicion should be maintained for OSA throughout childhood and adolescence. Patients with OSA usually, but not always, present with suggestive signs and symptoms, such as loud breathing, snoring, poor feeding, hyperactivity, hypersomno- lence, behavorial problems, and poor quality of life 2 or failure to thrive. 6, 21, 23 However, OSA can be insidious and must be ruled out when any patient with craniosynostosis is evaluated. While there are a variety of traditional ways to assess OSA (Table 2) , recently Bannink et al. 3 developed the first OSA-specific QOL questionnaire (OSA-18) to address the impact of OSA in patients with syndromic craniosynostosis.
Children with syndromic craniosynostosis should also be assessed for feeding difficulties. Altered orofacial anatomy as well as CNS, cardiovascular, respiratory, and intestinal abnormalities may contribute to feeding disorders. Initial evaluations should focus on the safety of feeding and assess the aspiration risk. The most commonly used tests are listed in Table 2 .
An important aspect of caring for patients with craniosynostosis is the diagnosis, treatment, and rehabilitation of auditory impairment. Procedural assessments are listed in Table 2 . Interventions range from hearing aids to middle ear reconstruction or vestibular therapy. While attention should be directed at the development of speech and communication skills, we need new instruments to understand how a patient with craniosynostosis and hearing impairment is affected. For example, is the psychological well-being of a girl with deafness more affected than a boy's? Do children develop maladaptive strategies to cope with their hearing impairment? How do our treatments affect a patient's activity, participation, satisfaction, and HRQOL? Does early correction of unilateral hearing impairment lead to more substantial improvements in QALYs?
Ophthalmological Assessment
Ocular and visual health, maintenance, and restoration are important parts of the overall care of a child or adolescent with isolated and syndromic craniosynostosis. Common abnormalities include orbital hypertelorism, telecanthus, abnormal slant of the palpebral fissures due to superior displacement of the medial canthi, ptosis, epiphora, proptosis, and nasolacrimal apparatus abnormality, such as duct obstruction and punctal anomalies. Many of these manifestations are disfiguring and can threaten vision as a result of corneal exposure and globe luxation. Patients with syndromic craniosynostosis often have decreased vision that can be attributed to a variety of causes. Amblyopia is common in patients with syndromic craniosynostosis, occurring in up to 40%, and is less common in those with the nonsyndromic form of the disease. 28 Patients with the syndromic variety also have a much higher prevalence of strabismus than do those with nonsyndromic craniosynostosis. 27 While early assessment and appropriate correction of vision impairment are essential, it is also important to understand how impaired vision affects a patient's dayto-day activities such as dressing, eating, writing, communications or interactions with others, travel, mood, and social relationships. In 2008 Cochrane et al. 7 first identified the different aspects that needed to be addressed to develop a complete questionnaire to evaluate the impact of vision impairment in children (ages 8-18 years), based on information from vision-impaired children and their support providers. These authors interviewed visually impaired children and their families, teachers, and special instructors to include all perspectives. Interestingly, their study showed that parents and children put more emphasis on communication, social interactions and orientation, and mobility, whereas teachers considered social skills and academic performance to be more important. Further, specialist instructors demonstrated greater concern for academic participation and instruction than for social skills. Cochrane and colleagues 8 further validated their questionnaire in 2011. Although it only concerns children from 8 to 18 years old with different causes of impaired vision (albinism, congenital conditions, or juvenile-onset degenerative conditions) and it does not address treatment options, it does underline the major differences between families and professionnals about a patient's needs and concerns. 7, 8 Wen et al. 34 also showed that preschool children with strabismus had a significantly worse QOL than unaffected children, confirming what was long suspected.
Dental and Orthodontics Assessment
Oral health is a critical part of overall health and is especially important for patients with craniosynostosis. The care of individuals with special health care needs, including craniosynostosis, involves specialized knowl- edge, training, increased awareness, and innovative solutions. Since craniosynostosis can lead to facial growth disturbances, the orthodontist plays an important role in determining the type and timing of orofacial interventions as well as performing the necessary presurgical preparations and providing postsurgical care. From studies performed in children with orofacial clefting, we realize that poor oral health significantly impacts social functioning. 19 Boys with orofacial clefts experience a lower QOL than girls. Moreover, children with cleft lip and palate and those with cleft palate alone experienced a lower QOL than children with cleft lip alone. Surprisingly, even years after successful cleft reconstruction, coping with and mastering a diagnosis of orofacial cleft continued to significantly affect social functioning. Currently, there are few data assessing the impact of craniosynostosis-induced midfacial growth impairment and oral health.
Neurodevelopmental Assessment
Children with craniosynostosis have a higher risk for problems related to cognitive development, learning difficulties, and academic delay. This risk varies by specific diagnosis but is present to some degree in all children born with craniosynostosis. Each of the following described instruments has been validated for children of a given age, sex, geographic region, race/ethnicity, and level of parental education (Table 3) . To our knowledge, the listed scales have been validated but are still not widely used for children with craniosynostosis. Their application could shed some light on neurological development before and after surgery in children with craniosynostosis and should be recommended.
Children 0 Months to 7 Years Old
Bayley Scales of Infant Development. The Bayley Scales assess the motor (fine and gross), language (receptive and expressive), and cognitive development of infants and toddlers, ages 0-3 years. The instrument includes a motor scale, mental scale (generating the Mental Development Index and evaluating a variety of abilities), and behavior scale (rating relevant test-taking behaviors; Table 3). Raw scores of successfully completed items are converted to scale scores and composite scores. These scores are used to determine the child's performance compared with norms taken from typically developing children of the same age (in months). The assessment is often used in conjunction with the Social-Emotional Adaptive Behavior Questionnaire. Completed by the parent or caregiver, this questionnaire establishes the range of adaptive behaviors that the child can currently achieve and enables comparison with age norms.
Preschool Language Scale. This test is administered to identify language disorders or delay among children from birth to 6 years, 11 months old. It targets receptive and expressive language skills in the various areas listed in Table 3 .
Wechsler Intelligence Scale for Children. The WISC is an intelligence test for children from 3 to 7 years of age and is standardized to include special group samples including children identified as gifted, children with mild or moderate mental retardation, children with learning disorders (reading, reading/writing, math, or reading/ writing/math), children with attention deficit hyperactivity disorder, children with expressive and mixed receptive-expressive language disorders, children with autistic disorder, children with Asperger syndrome, children with (Table 3) . Interenstingly, the WISC enables comparisons over a lifespan.
Children Older Than 7 Years Wechsler Preschool and Primary Scale of Intelligence Test, Third Edition.
The WPPSI-III test is similar to the WISC test, but it is administered to older children and young adults (6-16 years old; Table 3 ). The clinical utility of the WPPSI-III can be improved and a richer picture of general function can be achieved when combined with other assessments. For example, when paired with the Children's Memory Scale, a measure of learning and memory functioning in children, or the Wechsler Individual Achievement Test, Second Edition, a measure of academic achievement, information can be gained on both cognitive ability and academic achievement in young children. A further potentially useful pairing includes the WPPSI-III and the Adaptive Behavior Assessment System; this pairing can result in information on cognitive and adaptive functioning, both of which are required for a proper diagnosis of learning difficulties. It is important to recognize the limitations of using such assessments. Some studies have shown that intelligence tests, such as the WPPSI-III, especially for the prekindergarten level, are unreliable and their results vary widely with such factors as retesting, practice (familiarization), test administrator, time, and place.
Quality of Life Assessment
One of the first and so far the largest of the prospective studies on the impact of craniosynostosis on HRQOL was published in 2010 by Bannink et al. 1 Health-related QOL was measured using international standardized QOL questionnaires (Infant Toddler Quality of Life Questionnaire), the Child Health Questionnaire-Parent Form 50, the Child Health Questionnaire-Child Form 87, and the SF-36, and the results were compared with the Dutch population norms of HRQOL scores. Parents' scores for patients with syndromic or complex craniosynostosis were significantly lower than those for the normal population. Importantly, parent QOL was assessed as well; the parents of children with syndromic craniosynostosis self-reported a reduced HRQOL. Interestingly, patients with Apert syndrome were most profoundly affected, having significantly worse "parental impact: emotional and time," "lower physical functioning," and "family activities" domain scores, underlining the need to include parents in the assessment of treatment results.
Patient-Reported Outcome Instruments. These instruments measure self-reported patient data. Patient-reported outcome data are collected via self-administered questionnaires completed by a patient or his or her proxy. Therefore, patient-reported outcome instruments are different from every other instrument described in this article because they measure patient-reported data rather than the data that a surgeon, ophthalmologist, otolaryngologist, radiologist, speech/language pathologist, and so forth might routinely record in daily practice. Patientreported-outcome questionnaires can assess a single underlying patient characteristic or multiple characteristics using modular scales that each address a single characteristic.
Patient-reported outcome instruments can be generic (designed to be used in any disease population and to cover a broad aspect of the measured construct; Table 4 ) or condition-specific (developed specifically to measure those aspects of outcome that are important to patients with a given disease; Table 5 ) questionnaires. Generic and condition-specific questionnaires can differ in their ability to discriminate and evaluate the patient-reported data for any given condition. For example, a condition-specific questionnaire may be more responsive to changes in the status of a patient treated for coronal craniosynostosis than a generic instrument, such as the SF-36. However, choosing the correct condition-specific instrument is important ( Table  5 ). For example, reviewing the domains contained within common head and neck surgery questionnaires quickly reveals the inadequacies of these instruments in assessing a patient with craniosynostosis. Unfortunately, to date, a condition-specific questionnaire for patients with craniosynostosis does not exist. The development of such instruments should probably include the items listed in Table 6 .
Operative Treatment
Cranial and facial operations are an integral component of the overall treatment of a patient with craniosynostosis. There is no single best method for treatment, and depending on the philosophy of the institution and the wishes of the parents, there are a variety of treatment options. Ideal therapies will vary by age, location and number of sutures involved, as well as the skill sets and philosophies of the treating teams. As the child ages, however, treatment options become more limited, and less invasive techniques can no longer be considered optimal. Regardless of the chosen surgical technique, in general most surgeons prefer to operate early on to capitalize on the ameliorating effects of skull growth. The goals of cranial and facial surgery are to provide adequate intracranial volume to allow brain development and to create an aesthetically normal skull shape and facial appearance.
Treatment Evaluation
Treatment outcomes for craniosynostosis can be measured from head to toe. As discussed above, more than 15 different subspecialists can participate in the preoperative assessment of a patient with craniosynostosis. Herein, we confine our review to craniofacial and neurodevelopmental assessments. It is important to note that the limitations in each of the conventional assessment tools for craniofacial and neurodevelopmental outcomes are pervasive in each of the subspecialty areas involved in the care of a patient with craniosynostosis.
Objective Evaluation: Craniofacial Morphological and Functional Evaluation
Surgeons have typically assessed operative outcomes by measuring the same angles, distances, indices, and volumes used in the evaluation of patients before surgery (Tables 1-2 ). These tools have already been discussed and play a major role in the objective evaluation of surgical treatment. Typically, a craniofacial surgeon or neurosurgeon will assess operative outcomes by using global variables such as cephalic index, head circumference, or intracranial volume. For example, Heller et al. 11 reported that cranial vault remodeling normalized intracranial volume in patients older than 30 months and increased the cranial index to normal values (within 1 SD) at 1 year after surgery. Other surgeons will assess the functional impact of an operation. For example, Flores et al. 10 performed a retrospective review of 20 patients with syndromic craniosynostosis who underwent Le Fort III distraction osteogenesis. These authors measured changes in the velar angle and the nasopharyngeal, velopharyngeal, oropharyngeal, and hypopharyngeal spaces cephalometrically. Furthermore, they created 3D airway casts from CT data to ascertain circumferential airspace changes. They found that Le Fort III distraction osteogenesis significantly increases nasopharyngeal and velopharyngeal airspaces in patients with syndromic craniosynostosis and concluded that midface distraction improves but does not resolve all causes of OSA in this patient population.
Subjective Evaluation: Patient Questionnaires
With the evolution of psychometric testing, it has become increasingly recognized that a patient's assessment of the surgical outcome can be measured. While there are currently no questionnaires designed to address the factors important to patients with craniosynostosis, based on a systematic review of the literature, Table 6 contains domain areas that will be important for questionnaire development. It is important to remember that in the pediatric population, the health and well-being of a child are inseparable from his or her parents' well-being and that ideally the parent(s) and child should be considered as a unit. Questionnaire development for patients with craniosynostosis and their care providers will allow us not only to compare the impact of different treatments on the aforementioned unit, but also to target the areas and aspects of care that need improvement. For example, how does the amount of time the parents are taking off from work to care for their child affect the family? Does the stress of missing work negatively impact a parent's feelings toward his or her child? Does a less invasive technique that requires frequent postoperative follow-up visits with a molding helmet company cause more stress for the family? How long is the family's commute to the hospital, and is it an important factor for the parents? These are questions that need to be answered, and we tried in Table  6 to highlight the main areas that need to be investigated.
Conclusions
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tient's QOL. Moreover, they do not provide information necessary to perform a cost-effectiveness analysis of the procedure. Finally, traditional outcomes do not indicate how the operative change in the disease burden affects a patient's QALYs. Since craniosynostosis is a complex disease, we need new instruments to measure the effects of our treatments to predict the long-term costs and consequences associated with craniosynostosis and to ensure an adequate allocation of health care dollars.
